Does demographic structure a¤ect trade? On one hand, a low dependency ratio in the exporting country can generate more output and hence export more. On the other hand, a low dependency ratio in the importing country can induce more labor income and hence import more. In this paper, we analyze the e¤ect of demography on trade by augmenting the gravity equation with dependency ratio. Using a rich panel data set for 176 countries from 1970 to 2006 and controlling for multilateral resistance, we …nd strong empirical evidence consistent with our theoretical predictions. The …nding is robust by econometric methods and by di¤erent speci…cations.
Introduction
This paper investigates the impact of demographic transition on international trade. Previous works have investigated demographic transition and its impact on economic growth.
In addition, there are some studies explore how trade a¤ects economic growth. However, relatively little research has focused on the nexus between demographic transition and trade.
The world bilateral trade has increased dramatically since 1970s. As displayed in Figure 1 , the average logarithm of bilateral imports increased from 6.17 in 1970 to 8.13 in 2006. That is, the average bilateral trade in 2006 has been double than that in 1970.
Simultaneously, trading countries's dependency ratio, measured by dependency population over total population of a country, also experiences a 20% decrease in the last four decades, from 43.5% in 1970 to 36% in 2006. the average logarithm of working ratio, which is de…ned as one minus dependency ratio, increased from -.058 in 1970 to -0.45. By dividing the whole world into two groups: OECD countries and non-OECD countries, one can still observe a similar story: The average logarithm of working ratio increased from -.45 to -.39 whereas its counterpart for Non-OECD countries increased from -.62 to -.48. This raises a question: Has the fall of dependency ratio (or, the increase of working ratio) increased international trade?
[Insert Figure 1 Here] Previous research has recognized that three factors signi…cantly contribute to international trade: the growing GDP, the declining transportation costs, and the deepening trade liberalization (Baier and Bergstrand, 2001) . A country's change of demographic structure is like changing its size of GDP. From the perspective of an exporter, with lower dependency ratio, the country has more abundant labor endowment, which in turn can generate more output and hence export more. Turning to the view of an importer, a low dependency ratio in the importing country can induce more labor income and hence is able to import more, given others constant. This paper therefore examines the e¤ects of trading partners'demographic transition on bilateral trade, by adopting an augmented gravity equation with dependency ratio.
There are two key innovations in our theoretical gravity model. First, we introduce trading partners's dependency ratio into the model, by distinguishing the di¤erence between total population and working labor force. Such a distinction is necessary since size of population is directly related to total consumption (demand) whereas size of labor force is directly link towards total production (supply) for a country. Second, we replace the regular economic size (i.e., GDP) term with labor income in lines with Krugman (1979) and Anderson and van Wincoop(2003)'s seminal works, which in turn is decomposed into labor force and its wages return. In this way, we are able to clearly investigate the e¤ect of trading countries' demographic dividend, which is usually used to describe a rise in the rate of economic growth due to the declining share of the age dependency ratio, on their bilateral trade volume. In addition, we also extend the country-level gravity equation to the countryindustry-level gravity equation to …t with our data.
Based on the theoretical framework, we estimate the e¤ect of dependency ratio on trade, using a rich panel data of 176 IMF-member countries over the years 1970-2006. We …nd robust empirical evidence that low dependency ratio (or high working ratio) signi…cantly fosters bilateral trade, by controlling for the possible multilateral resistance issue in estimating the gravity equation. Overall, after controlling for the trading countries' …xed e¤ects, we …nd that a 1% increase of working ratio for an exporter can lead to a 7.5% increase of export whereas a 1% increase of working ratio for an importer can lead to a 2.5% increase of import. Finally, we also investigate the heterogenous e¤ect of dependency ratio across income group, consider industrial regressions, and even look at decadal estimates.
The paper joins a growing literature on trade and demography, including works done by, among others, Le¤ (1969) Le¤ (1969) was the …rst seminal work to discuss how population dividend a¤ects saving rate. Higgins (1998) took a step forward to examine the e¤ect of demographic structure on a country's current account position by considering a dynamic link between saving rate and current account surplus. Since then, many research papers focus on how demographic structure a¤ects the economic growth in a perspective of international comparison. For example, found that demographic change over time plays a key role for East Asia's "economic miracle" since 1970s.
In particular, one-third of the economic growth in East Asian countries is contributed by its demographic dividend. In sharp contrast, the absence of demographic change also accounts for a large portion of the economic debacle in African countries (Bloom, Canning and Sevilla 2002; and Bloom and Sachs 1998). Although the relationship between trade and economic growth has been intensively discussed in the literature of endogenous growth theory (Feenstra, 2003) , only very limited works explore the nexus between demographic structure and international trade (Yao and Yu, 2009 ). The present paper tries to …ll in this research gap in the literature.
The rest of the paper is organized as follows. Section 2 presents a theoretical gravity equation to shed line on the mechanisms by which demographic structure a¤ects bilateral trade. Section 3 describes the data used in the paper, followed by the empirical strategy and estimation results in Section 4. Section 5 concludes the paper.
Theoretical Framework
Following Yu (2010 Yu ( , 2011 , suppose that each country produces unique product varieties.
Let h represent the good, k represent the industry, i represent the exporter and j represent the importer. The export of good h in industry k from country i to country j is identical to the consumption of good h in industry k in the Importer. Exporter i = 1; :::; I has K industries. Industry k K produces M i k commodities. Then, the exporter faces an aggregate CES utility function:
where C h i;j;k is the importer j's consumption of good h in industry k produced by country i. The elasticity of substitution is denoted as = 1=(1 ).
We follow Anderson and van Wincoop (2003) to assume that, given each exporter i, p h i;j;k = p h 0 i;j;k for all h and h 0 in f1; :::; N ik g, i.e., all the goods in industry k imported by country j from country i have the same price p i;j;k . In addition, country j's consumption is identical over the entire line of products within industry k sold by country i, i.e., C h i;j;k = C h 0 i;j;k = C i;j;k ; 8h 2 f1; :::M i k g. Utility function (1) can then be expressed as:
The representative consumer in the country j maximizes her utility (2) subject to the budget constraint:
where Y j is the GDP of country j. By solving this maximization problem, we obtain the demand function for each product:
where the aggregate price index of country j, P j;k , is de…ned as:
Hence, the total value of country j's imports from country i in industry k is:
where the …rst equality follows the de…nition of export value, and the second one is due to the equal price assumption across varieties of goods.
In spired by Samuelson (1952) , the "iceberg" transport cost introduces a wedge between a c.i.f (customs, insurance, and freight) price, p i;j;k , and f.o.b (free on board) price, p i;k .
In the present paper the trade cost is not the main interest but only serves as a control variable here. Hence we follow Eaton and Kortum (2002) to use geographic distance (d ij )
to capture the transport cost. In particular,
where the regular triangle property holds: (5), and (6), we obtain the export value of industry k from country i to country j:
However, bilateral trade is also a¤ected by the number of varieties in the exporting country, M j k , which is unfortunately unobservable. For estimation, we consider the monopolistic competition model presented originally by Krugman (1979) , which helps us to eliminate the number of exporting varieties in our gravity equation (8) .
Turning to the supply side, the representative …rm in a country maximizes pro…ts.
Speci…cally, as in Krugman (1979) , Baier and Bergstrand (2001) , and Feenstra (2002) , the production of goods (y i k ) incurs a …xed cost ( i k ) and a constant marginal cost ( i k ) given that labor (l i k ) is the representative …rm's unique input in industry k of country i:
The monopolistically competitive equilibrium implies two conditions for the representative …rm. First, the marginal revenue should equal marginal cost for the representative …rm. Since the elasticity of demand equals the elasticity of substitution, , when the exporter's number of goods M j k is large, We obtain the …rst equilibrium condition:
where the wage in Country i is denoted as w i . From the equation above, we could …nd that wage captures the exporting country's labor productivity, because it is determined by product price and marginal production.
Second, the representative …rm obtains zero pro…ts due to free entry. Given that the …rm's pro…t function in the country
, we obtain the equilibrium production level, y i k ; for such a representative …rm in industry k in Country i:
It is also noted the GDP in country i is Y i = M i k p ik y i k =s ik where s ik is output share of industry k in Country i. Then, the industry-level bilateral trade equation becomes:
It is worthwhile to point out that the GDP is merely the labor income in the model:
where L is number of labor force. As stated in the introduction, countries who are experiencing the second stage of demographic transition would enjoy the bene…ts of "demographic dividend". These countries have low dependency ratios which mean relatively high level of labor supply. On the other hand, the countries with high dependency ratio have relatively low level of labor supply. Thus, we embed dependency ratio, a variable of age structure, in the theoretical model. To match the de…nition in the World Development Indicator (WDI) data base, we de…ne a country's dependency ratio as n = (N n L n )=N n where N n is the total population of country n. 1 Then from (11) we obtain the following industry-level bilateral trade equation:
1 Note that our theoretical prediction and empirical …ndings do not change by using an alternative index
Therefore, the industry-level bilateral trade depends on the dependency ratio as well as the trading countries'wages, numbers of population, exporter's industrial output share, the …xed production of China's representative …rm, and various price indices. Di¤erent from the standard gravity equation, our revised gravity equation do not include GDP but decompose it to labor return, number of population, and dependency ratio for our estimation purpose. For convenience, I include the main notation of the model in Appendix Table 1 .
To estimate the gravity equation (12), we specify the estimating equation by taking logs on both sides:
However, in (13), both the representative …rm's production (ln y i k ) and the industrial output share (ln s i k ) in the exporting country are all unobservable. In addition, data on the industrial price index for both exporter and importers are also unavailable, we therefore capture all these terms into the error term following Feenstra (2002) :
Thus, we have the following speci…cation for the estimations:
Note that in this bilateral trade equation (14) we do not restrict the coe¢ cient of trading partners' dependency ratio as a unit. Instead, the coe¢ cients 5 and 6 are allowed to absorb the e¤ects of demographic structure on bilateral trade in a ‡exible manner.
Data
The regressand of (14) is the log industrial directional import of country j from country i.
Note that the gravity theory merely mentions that the gravity equation explains one-way trade ‡ows (e.g., Chinese exports to the U.S.) rather than the two-way bilateral trade (e.g., Chinese exports to the U.S. and the U.S. exports to China). Accordingly, ignoring this di¤erence can create serious estimation bias (Baldwin and Taglioni dividend by working population in a country. To measure labor return at the industrial level, we also adopt an alternative wage data set which covered years from 1983 to 2003
and are maintained by the Bureau of Labor Statistics.
[Insert Figure 2 Here] Panel A of Table 1 presents descriptive statistics for each variable. As also observed from Figure 2A , the variation of dependency ratio of trading countries seems relatively low due, in large part, to the low variation within the high-income country group over time. To shed light on this point, Figure 2B and 2C describe the kernel density function of dependency ratio for both OECD countries and Non-OECD countries, respectively. 3 At …rst glance, all …gures in Figure 2 have a well-behaved shape of distribution. More importantly, Non-OECD countries on average have a wider dispersion than that in OECD countries. Turning to the relationship between dependency ratios and log of bilateral trade, Panel B of Table 1 reports their simple correlations. In particular, the simple correlation between dependency ratio of exporter (importer) and log of bilateral trade is -.274 (-.223). Figure 3A and 3B plot the log of bilateral trade against log of working ratio for importer and exporter, respectively. Clearly, countries with lower dependency ratio (or higher working ratio) trade more with its trading partners, regardless of exporter and importer.
[Insert Figure 3 Here] (1) and (2) of Table 2 , the trade-cost variable (i.e., log of geographic distance)
are insensitive between the two estimates in terms of signs and economic magnitudes. Note that including more standard trade-cost variables such as land border, number of island or other regional trade agreement variables like WTO membership, number of free trade agreements (FTA), Currency unions, and/or Generalized System of Preferences (GSP) do not change this …nding. 4 [Insert Table 2 Here]
As shown in (13), the bilateral trade volume also depends on the price index for both exporter and importer. Although data on the industrial price index are unavailable, it is still worthwhile to use country-level CPI to serve as a price proxy. Column (3) of Table   2 runs the OLS estimate by including log of CPI for both exporter and imports. The coe¢ cients of working ratio for both trading countries again are positively associated with bilateral trade, inclusive of price index. 5 The economic rationale is as follows, with a high working ratio, the exporter can produce more products, which in turn could export more goods abroad, ceteris paribus.
Control of Multilateral Resistance
In addition to the variables included in (13), di¤erent trading country pairs could have unobserved speci…c country characteristics, which can be addressed by the …xed e¤ects estimations. Hence, the error term in (14) can be decomposed into a country-pair random 4 We do not report estimates with such additional variables here to save space, though available upon request. 5 Using the producer price index (PPI) or wholesale price index (WPI) does not change the results at all.
variable ' ij , an industry speci…c e¤ect k , a year speci…c e¤ect ! t , and an idiosyncratic e¤ect ijkt with normal distribution: ijkt s N (0; 2 ijk ). This is represented as follows:
Column (4) of Table 2 presents the two-way …xed-e¤ect estimation results. Once again, the variables of working ratio for exporters and importers have positive signs, which are all statistically signi…cant at the conventional level. In particular, given others constant, an 1% increase of exporter's working ratio tend to have 7.5% increase of bilateral trade.
Similarly, an 1% increase of importer's working ratio tend to have 2.5% increase of bilateral trade.
Moreover, note that the importer's aggregate price index in (13) , which is absorbed into the error term, is also a¤ected the price of goods from other countries. Therefore, it is essential to control for such a "multilateral resistance" mentioned by Table 2, are again positive and highly signi…cant at the conventional statistical level. method to deal with the zero trade volume. 6 We therefore perform the PPML estimates by directly taking the bilateral trade volume as regressand. As shown in the last column of Table 2 , after controlling for the country-pair-speci…c …xed e¤ects and year-speci…c …xed e¤ects, the PPML estimates end up with a similar result as in Column (4) in which a linear-logarization of gravity equation is adopted. The working ratios of both importer and exporter are positively associated with bilateral trade.
Zero Trade Issue

Further Estimates on Sectoral Heterogeneity
As predicted by the Rybczynski (1955) theorem of the standard Heckscher-Ohlin trade theory, di¤erent industries would have heterogenous e¤ects on its production in response to the changing working labor endowment. In particular, in a two-good and two-factor model, an increase in the amount of working labor will raise the output of the industry using it intensively, and lower the output of the other industry. To capture the e¤ect of demographic structures on industrial trade volume between the trading partners, we take a step further to measure bilateral trade volume at SITC 1-digit industry level, by aggregating the SITC 4-digit level trade data from the COMTRADE database. Table 3 presents the industrial estimation results. By including industrial trade data, the estimates in Table 3 have much more observations than those in Table 2 , yet their estimation results are quite close. The benchmark OLS estimate in Column (1) once again suggests that working ratios in both trading countries are associated with more bilateral trade. Di¤erent from its counterpart in Table 2 , the …xed-e¤ects estimates in Columns (2)-(3) include the industrial-speci…c …xed e¤ects but still get similar estimation results. Like before, we also include the time-varying country …xed e¤ects in Column (3) to control for the multilateral resistance whereas perform the PPML estimate in the last column of table 3 to control for the zero trade issue. It turns out that all the speci…cations in Table 3 are very insensitive and consistent with our theoretical prediction: The less the dependency ratios or the more the working ratios in the trading countries, the higher the bilateral trade.
[Insert Table 3 Here]
Additional Robustness Estimates
In the previous estimates, wages data are from the WDI database which is measured by workers' remittances and compensation of employees dividend by working population in a country. The advantage of using such wages data is that it covers longer periods and more countries. However, such data are at highly aggregated country-level. In the reality, wages in di¤erent industries would be quite di¤erent. As a result, once can not explore the industrial e¤ect of labor income on bilateral trade.
To overcome this data challenge, we adopt another wage dataset which is from the Bureau of Labor Statistics (BLS) as a robustness check. The BLS wage data cover only OECD countries during 1983-2008 but have full information on industrial wage. 7 By using such BLS wage data, In Table 4 we run a variety of speci…cations including OLS, …xed e¤ects, and PPML estimations at the industrial level. Overall, the …ndings are insensitive to our previous …ndings.
[Insert Table 4 Here]
Endogeneity Issues
The main aim of our theoretical model is to shed light on the channels that demographic structures in trading countries a¤ect bilateral trade. There still exist some other variables that are abstracted away from our current theoretical framework. Such omitted variables may not be completely absorbed by the country-pair-speci…c and year-speci…c …xed e¤ects or time-varying country …xed e¤ects. In this way, the omitted variables problem would generate a possible endogeneity issue to make the previous OLS estimates bias. 8 We hence choose a country's life expectancy to serve as an instrument variable to control for the possible endogeneity issues. People in a country with longer life expectancy may work longer in their life time, which in turn introduce a higher working ratio (i.e., lower dependency ratio). To test whether a country's life expectancy satis…es the "exclusive restriction", that is, the instrument a¤ects the regressand through and only through the endogenous variable, we follow previous works in running regressions of instruments on the residual obtained in the second-stage estimations. It turns out that the coe¢ cient of this instrument is highly insigni…cant which, to some extent, excludes other possible channels.
We then perform more tests to check for the validity of the instrument. In particular,
we use the Kleibergen-Paap (2006) LM 2 statistic to check whether the instruments are correlated with the endogenous variables. As shown in Table 5 , the null hypothesis that the model is under-identi…ed is rejected at the 1% signi…cant level. Second, the KleibergenPaap (2006) F statistic provides strong evidence to reject the null hypothesis that the …rst stage is weakly identi…ed at a highly signi…cance level. Finally, the …rst-stage estimation results shown in the lower module of Table 5 also provide strong evidence to justify the validity of such instruments. Both the t-value of the instrumental variable and the overall F-statistic are highly signi…cant at the conventional level for all speci…cations. In short, such various statistical tests o¤er su¢ cient con…dence that the instrument are "relevant" 8 Another possible source of endogeneity issue comes from the reverse causality. With more trade, the idea and ideology may spillover from a country to its trading partner, which would in turn change people's view on fertility decision and hence a¤ect a country's dependency ratio in the long run. Admittedly it is not sure how important for the reverse causality in our estimations. However, the endogeneity bias caused by such a reverse causality, if any, could be mitigated by the instrumental-varaible estimate that we will mention shortly.
and perform quite well, and therefore, that the speci…cation is well justi…ed. Table 5 presents the IV estimation results. In column (1) we only include the two key variables, log of working ratio for both exporter and importer, in the regression.
The estimation result from this simple speci…cation clearly conveys a message that higher working ratios of trading countries lead to larger bilateral trade volume. We then provide a variety of more matured speci…cations in the rest of Table 5 and still have very robust …ndings. In particular, by including year-speci…c …xed e¤ects in Column (2), country-pairspeci…c and year-speci…c …xed e¤ects in Column (3), and time-varying country-speci…c and year-speci…c …xed e¤ects in Column (4) to control for the multilateral resistance, the coe¢ cients of log of working ratios for both exporter and importer are positive and statistically signi…cant.
[Insert Table 5 Here]
Additional Estimates by Country Group
As discussed above and shown in Figure 3 , the dependency ratios in developed countries (DCs), overall, are less violatile over years. The estimates with the pooling data may under-estimate the e¤ect of dependency ratio/working ratio on bilateral trade for less developed countries (LDCs) whereas over-estimate such an e¤ect for developed countries.
To avoid such possible bias, Table 6 reports the …xed-e¤ects estimates by trade origin and destination, by separating all countries to the two groups: developed countries and less developed countries by using the World Bank's classi…cation. 9 As shown in Table 6 , the coe¢ cients of log of working ratio of importer are positive and statistically signi…cant in all columns except the Column (4), which has a negative sign but is statistically insigni…cant. This suggests that, the lower dependency ratio (or the higher working ratio) suggests more labor income, which in turn generates a strong demand from 9 According to the World Bank (2009)'s classi…cation, a country which gross national income (GNI) is higher than $ 12,196 is classi…ed as a developed country.
the rest of the world. Turning to the exporter's side, the coe¢ cients of working ratios of LDCs exporters are all positive and statistically signi…cant. In contrast, the coe¢ cient of working ratios of DCs exporters are positive but insigni…cant (i.e., exports from DCs to DCs) or negative and signi…cant (i.e., exports from DCs to LDCs). Such striking …ndings are due, in part, to the less variation of dependency ratio for rich exporters. Nevertheless, all other variables have the predicted positive signs and quite stable magnitudes.
[Insert Table 6 Here]
Decadal Fixed E¤ects Estimates
Once again, to precisely estimate the gravity equation with dependency ratio, it is a key to control for the multilateral resistance e¤ects involved in the gravity equation, which has been controlled by the time-varying country …xed e¤ects and year-speci…c …xed e¤ects.
However, one may still worry about the multilateral resistance could diverge (or converge)
in the last four decades. To address such a concern, we therefore divide the whole sample into four sub-samples and run the decadal estimates in Table 7 . For each decadal estimates, the estimation results are very robust to di¤erent econometric methods including OLS, …xed e¤ects, IV …xed e¤ects, and even the PPML estimates. The coe¢ cients of the two key variables, log of working ratios for both exporter and importers are positive and statistically highly signi…cant. In addition, they all have quite stable magnitudes over year and across speci…cations. These serve as another set of evidence that higher dependency ratio leads to less bilateral trade.
[Insert Table 7 Here]
Concluding Remarks
In this paper, we argue that dependency ratio is a key driving force for bilateral trade
growth. An exporter with low dependency ratio or high working ratio would be relatively more labor abundant compared to its trading partner, which in turn produce and export more products. Turning to the importer's side, a country with more labor endowment would generate more labor income and hence be able to import more.
To formalize this idea we extend the general-equilibrium gravity model originally from intensively on the endogenous nexus between trade and growth. However, to the best of our knowledge, the present paper is the …rst one to deliver a theoretical framework to explore how demographic transition a¤ects international trade.
Our paper also have rich policy implications. Today many emerging countries like China and other East Asian countries enjoy the fast economic growth due, in large part, to the adoption of "export-led" economic strategy, focusing on labor intensive industries in line with their comparative advantage. In this paper we argue that demographic transition is a key reason to interpret these countries' choices of the export-oriented development strategy, rooted in a common demographic characteristics with large amount of surplus labor, which consequently leads to an excess domestic supply in labor-intensive sector.
In this sense, as initiated by Lin (2009), the choice of "export-led" development strategy chosen by such high-performance countries, to some extents, are endogenous and self-selected.
Several extensions and possible generalizations merit special consideration. One of them is to consider a dynamic theoretical framework in the model. Like all kinds of gravity model, our model in essence is static. Therefore, a possible extension with dynamic structure would be a direction for future work. Another possible extension is to deviate away from the standard assumption by allowing trade imbalance in the model, which could be more close to the reality. These are the topics that we will pursue in the future. 
